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(54) Optical pickup apparatus and focusing control method 



(57) An optical pickup apparatus having an irradia- 
tion optica! system for condensing a light beam on a 
track of a recording plane and a photodetection optica! 
system for guiding return light to a photodetector (40) to 
detect a focal error includes a holographic lens (39) pro- 
vided in the optical path of the return light for outputting 
0-th and ±1st order diffracted lights based on the return 



light; an optical element (38) provided in front of or be- 
hind the holographic lens for providing astigmatism; 
photodetectors (400,401 ,402) for receiving the 0-th and 
±1st order diffracted lights; and servo-signal generating 
operation circuits connected to the photodetectors 
(400,401 ,402) for generating a first and second focus 
error signals having a first and second capture ranges 
based on the output signal of the photodetector (40). 
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Description 

BACKGROUND OF THE INVENTION 

1, Field of the Invention s 

[0001] The present invention relates to an optical 
pickup of a recording/reproducing apparatus for an op- 
tica! recording medium such as an optical disc, and 
more particularly, to an optical pickup capable of con- to 
trolling the optimum focusing position of a light beam 
focused on a recording plane of a recording medium 
such as an optical disc having multiple recording layers, 
and a focusing control method therefor. 

15 

2. Description of the Related Art 

[0002] There has been developed a high recording 
density and mass storage information recording medi- 
um referred to as a DVD (Digital Versatile Disc) and a 20 
system using the medium. A DVD having a single re- 
cording layer on one side of the disc has a capacity of 
4.7 GB. There has been developed a two-layer DVD 
which is compliant with the DVD standard to increase 
the recording capacity. The use of a high NA optical sys- .25 
tern and a shorter wavelength light-source has been 
studied for the next generation multi-layer optical disc 
system utilizing an optical disc having three or four re- 
cording layers in order to further increase the recording 
capacity, in such a multi-layer optical disc having multi- 30 
pie recording layers stacked alternately with spacer lay- 
ers therebetween, the focal point (the focused point or 
optimum condensing position) of a light beam should be 
set to a recording surface of a desired layer. In other 
words, a condensed light spot must be irradiated upon 35 
a desired recording layer in order to read information 
from one side of the optical disc using an optical pickup. 
[0003] The focus setting is generally performed by fo- 
cus pull-in operation (hereinafter, also simply referred 
to as "focus pull-in") of servo control in response to a *o 
focus error signal FE detected by a focus error detection 
optical system in order to set the focal point to a desired 
recording layer. In view of performing reproduction from 
the multi-layer disc, the focus error signal FE is set so 
that the capture range (i.e., the focus shift or displace- 45 
ment distance corresponding to the distance between 
maximum amplitude peaks in the S curve of the signal 
FE) is set to a value sufficiently smaller than the mini- 
mum layer interval (i.e., the thickness of the intermedi- 
ate layer) among the layer intervals, for example to 1/10 5° 
of the layer interval or less. This is for the purpose of 
excluding as much as possible the effect of light reflect- 
ed from a recording layer to be reproduced upon other 
recording layers such as a focus offset caused by inter- 
layer crosstalk, The capture range is determined based ss 
on the size or properties of optical elements and light 
receiving elements in a detection optical system. Focus 
pull-in operation for a three-layer optical disc 1 shown 



in Fig. 1 will be considered. A first recording layer is 
formed on the substrate of the optical disc 1 , a second 
recording layer is formed thereon with an intermediate 
layer therebetween and a third recording layer is formed 
thereon with an intermediate layer therebetween. The 
surface of the third recording layer is protected by a cov- 
er layer. 

[0004] Figs. 2A and 2B show changes in the focus er- 
ror signal FE when the relation between the layer inter- 
val in the optical disc 1 and the capture range is 
changed. Fig. 2A shows the focus error signal FE when 
the capture range is 1/10 of the layer interval. Since the 
focus error signals from the recording layers have little 
effect upon each other, a light spot can be focused on 
a desired recording layer in response to the resulting 
composite focus error signal FE. However, as can be 
seen from Fig. 2B showing the focus error signal FE 
when the capture range is 1/4 of the layer interval, the 
focus error signals from the recording layers affect each 
other, and the resulting composite focus error signal FE 
(solid line) has an error, and therefore a fight spot cannot 
be focused on a desired recording layer. Note that var- 
ious detection methods have been proposed for the fo- 
cus error detection optical system such as astigmatism, 
Foucault, and spot size methods, while the above-de- 
scribed conditions are essential for any of the detecting 
methods in recording/reproducing information to/from 
the multi-layer optical disc. The capture range must be 
sufficiently small in comparison with the recording layer 
interval. 

[0005] However, a reduction in the capture range 
makes the focus pull-in difficult, and a disturbance such 
as vibration during recording/reproducing operation 
easily interrupts the focus servo control. In the worst 
case, the focus servo operation could be out of control, 
and the objective lens could collide against the surface 
of the optical disc and damage it. In other words, the 
payability is seriously impaired. If the above conditions 
are to be met with a certain sufficient capture range, the 
recording layer interval must be increased. This means 
that the distance between the disc surface and each the 
recording layers must be increased. Accordingly, spher- 
ical aberration increases when a high NA objective lens 
is used and therefore, the use of the high NA objective 
lens becomes an impediment for the use of the multi- 
layer optical disc. 

[0006] Therefore, the layer intervals must be small in 
order to reduce the spherical aberration caused by the 
high NA objective lens in association with changes in 
the thickness of the cover layer. The capture range must 
be small since the ratio of the layer interval and the cap- 
ture range must be large. When N A is 0.85, the tolerable 
distance between the first layer and the furthermost lay- 
er (i.e., the n-th layer of an n-layer optical disc) is about 
20 ujn or less, and the capture range is 2 jim or less for 
a two-layer optical disc, 0.7 ujn or less for a three-layer 
optical disc, and 0.5 jim or less for a four-layer optical 
disc. In other words, the capture range decreases as the 
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number of layers increases. 

SUMMARY OF THE INVENTION 

[0007] The present Invention has been made in view 
of the problems mentioned above, and it is an object of 
the present invention to provide an optical pickup appa- 
ratus which allows focus servo control to be stabilized 
and at the same time eliminates offsets caused by inter- 
layer crosstalk in a multi-layer optical disc, so that the 
optimum focusing of a light beam can be achieved on a 
target recording plane and a focus control method there- 
for 

[0008] To achieve the object, according to one aspect 
of the present invention, there is provided an optical 
pickup apparatus having an irradiation optical system 
for condensing a light beam into a spot on a track on .a 
recording plane of an optical recording medium and a 
photodetection optical system for guiding return light re- 
flected back from the spotto a photodetector, the optical 
pickup apparatus detecting the focal error of the light 
beam, which comprises a holographic lens provided in 
the optical path of the return light in the photodetection 
optical system for outputting 0-th order diffracted light 
and ±1 st order diffracted light based on the return light; 
an optical element provided in front of or behind the ho- 
lographic lens in the optical path of the return light in the 
photodetection optical system for providing astigma- 
tism; a photodetector for receiving the 0-th order diff ract- 
ed light output from the holographic lens; a photodetec- 
tor for receiving the ±1st order diffracted light output 
from the holographic lens; a servo-signal generating op- 
eration circuit for the 0-th order diffracted light connect- 
ed to the photodetector for the 0-th order diffracted light 
for generating a first focus error signal having a first cap- 
ture range based on the output signal of the photode- 
tector; and a servo-signal generating operation circuit 
for the ±1st order diffracted light connected to the pho- 
todetector for the ±1 st order diffracted light for generat- 
ing a second focus error signal having a second capture 
range different from the first capture range based on the 
output signal of the photodetector. 
[0009] According to another aspect of the present in- 
vention, the holographic lens is set so that the 0-th order 
diffracted light has a greater quantity of light than the 
±1st order diffracted light. 

[0010] According to another aspect of the present in- 
vention, the 0-th order diffracted light photodetector in- 
cludes four independent light receiving portions provid- 
ed in the vicinity of each other with two orthogonal di- 
viding lines as boundaries, one of the dividing lines be- 
ing provided parallel to an extending direction of the 
track, wherein an area of the light receiving portions of 
positive polarity and an area of the light receiving por- 
tions of negative polarity are substantially equal, the 
light receiving portions of positive polarity and negative 
polarity being connected to the servo-signal generating 
operation circuit for the 0-th order diffracted light. 



[001 1 ] According to another aspect of the present in- 
vention, the optical element to provide the astigmatism 
is a cylindrical lens being provided in the optical path of 
return light so that the central axis of the optical element 
5 extends at an angle of 45° with respect to the track ex- 
tending direction of the optical disc. 
[001 2] According to another aspect of the present in- 
vention, the photodetector for ±1st-order diffracted light 
includes at least two independent light receiving por- 
10 tions provided in the vicinity of each other with at least 
two dividing lines extending approximately parallel in a 
vertical direction to the track extending direction as 
boundaries, wherein an area of the light receiving por- 
tions of positive polarity and an area of the light receiving 
f5 portions of negative polarity are substantially equal, the 
light receiving portions of positive polarity and negative 
polarity being connected to the servo-signal generating 
operation circuit for the fist-order diffracted light. 
[0013] According to another aspect of the present in- 
vention, the first capture range is smaller than the sec~ 
ond capture range. 

[0014] According to another aspect of the present in- 
vention, a tracking error signal is generated based on 
the 0-th order diffracted light. 

[001 5] According to another aspect of the present in- 
vention, the first focus error signal is generated by an 
astigmatism method, and the second focus error signal 
is generated by a differential spot size method. 
[0016] According to another aspect of the present in- 
vention, there is provided an optical pickup apparatus 
having an irradiation optical system for condensing a 
light beam into a spot on a track of a recording layer of 
an optical recording medium having at least two record- 
ing layers stacked upon one another with an intermedi- 
ate layer therebetween, and a photodetection optical 
system for guiding return light reflected back from the 
spot into a photodetector, the optical pickup apparatus 
detecting the focus error of the light beam, which com- 
prises a focus error signal generation portion for gener- 
ating a plurality of focus error signals each having a cap- 
ture range, the capture ranges being different from one 
another. 

[0017] According to another aspect of the present in- 
vention, the focus error signal generation portion com- 
prises a first focus error signal detection portion for gen- 
erating a first focus error signal having a first capture 
range smaller than the smallest of the distances be- 
tween adjacent recording layers in the optical recording 
medium; and a second focus error signal detection por- 
tion for generating a second focus error signal having a 
second capture range larger than the first capture range. 
[0018] According to another aspect of the present in- 
vention, the first capture range is at most 1/10 of the 
smallest of the distances between the adjacent record- 
ing layers. 

[0019] According to another aspect of the present in- 
vention, the second capture range is larger than the sum 
of the thicknesses of ail stacked recording layers and 
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intermediate layers. 

[0020] According to another aspect of the present in- 
vention, the apparatus further comprises a position de- 
tection portion for detecting the relative position of the 
recording layers In the optical recording medium based 
on the first focus error signal generated by the first focus 
error signal detection portion; and a selection portion for 
selecting and relaying at least one of thefirst and second 
focus error signals from the first and second focus error 
signal detection portions in response to a signal gener- 
ated by the position detection portion. 
[0021] According to another aspect of the present in- 
vention, the apparatus further comprises a focus pull-in 
portion for performing focus pull-in operation Between 
recording layers most distant from each other among 
the stacked recording layers in response to the second 
focus error signal generated by the second focus error 
signal detection portion, and then performing focus pull- 
in to a predetermined recording layer in response to the 
first focus error signal generated by the first focus error 
signal detection portion. 

[0022] According to another aspect of the present in- 
vention, the apparatus further comprises a focus pull-in 
portion for performing focus pull-in operation between 
recording layers most distant from each other among 
the stacked recording layers in response to the second 
focus error signal generated by the second focus error 
signal detection portion, when focus is pu!led-in to a pre- 
determined recording layer according to the first focus 
error signal generated by the first focus error signal de- 
tection portion and the first focus error signal generated 
by the first focus error signal detection portion is beyond 
a predetermined value. 

[0023] According to another aspect of the present in- 
vention, the apparatus further comprises an offset value 
portion for adding a predetermined offset value based 
on the position of a predetermined recording layer to the 
second focus error signal generated by the second fo- 
cus error detection portion when focus is pulied-in to the 
predetermined recording layer according to the first fo- 
cus error signal generated by the first focus error signal 
detection portion. 

[0024] According to another aspect of the present in- 
vention, there is provided a focus control method for an 
optical pickup, the optica! pickup having an irradiation 
optical system for condensing a light beam into a spot 
on a track on a recording layer of an optical recording 
medium having at least two recording layers placed on 
one another with an intermediate layer therebetween; 
and a photodetection optical system for guiding return 
light reflected back from the spot to a photodetector, the 
optical pickup detecting a focus error of the light beam, 
which comprises the steps of a first focus error signal 
detection step of generating a first focus error signal 
having a first capture range smaller than the smallest 
distance between adjacent recording layers of the opti- 
cal recording medium; and a second focus error signal 
detection step of generating a second focus error signal 



having a second capture range larger than the first cap- 
ture range. 

[0025] According to another aspect of the present in- 
vention, the second capture range is larger than the sum 
5 of the thicknesses of all stacked recording layers and 
intermediate layers. 

[0026] According to another aspect of the present in- 
vention, the method further comprises a position detec- 
tion step for detecting the relative position of the record- 
10 ing layers in the optical recording medium based on the 
first focus error signal generated in the first focus error 
signal detection step; and a selection step for selecting 
and relaying at least one of the first and second focus 
error signals generated in the first and second focus er- 
15 ror signal detection steps in response to a signal gener- 
ated in the position detection step. 
[0027] According to another aspect of the present in- 
vention, the method further comprises a focus pull-in 
step for performing focus pull-in operation between re^ 
cording layers most distant from each other among the 
stacked recording layers in response to the second fo- 
cus errorsignai generated in the secondfocus errorsig- 
nal detection step, and then performing focus pull-in to 
a predetermined recording layer in response to the first 
focus errorsignai generated in thefirst focus errorsignai 
detection step. 

[0028] According to another aspect of the present in- 
vention, the method further comprises a focus pull-in 
step for performing focus pull-in operation between re- 
cording layers most distant from each other among the 
stacked recording layers in response to the second fo- 
cus errorsignai generated in the second focus errorsig- 
nai detection step : when focus is pulled-in to a prede- 
termined recording layer according to the first focus er- 
ror signal generated in the first focus errorsignai detec- 
tion step and thefirst focus errorsignai generated in the 
first focus errorsignai detection step is beyond a prede- 
termined value. 

[0029] According to another aspect of the present in- 
vention, the method further comprises an offset value 
adding step for adding a predetermined offset value 
based on the position of a predetermined recording lay- 
er to the second focus error signal generated in the sec- 
ond focus error detection step when focus is pulied-in 
to the predetermined recording layer according to the 
first focus error signal generated in the first focus error 
signal detection step. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

Fig. 1 is a schematic sectional view of a three-layer 
optical disc; 

Figs. 2A and 2B are graphs showing changes in the 
focus error signal when the relation between the 
layer interval in a three-layer optical disc and the 
capture range is changed; 
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Fig. 3 is a schematic perspective view of the con- 
figuration of an optical pickup according to a first 
embodiment of the present invention; 
Fig. 4 is a schematic block diagram of the configu- 
ration of a photodetector in the optical pickup ac- s 
cording to the present invention; 
Fig, 5 is a schematic perspective view of the con- 
figuration of a photodetectlon optical system; 
Fig, 6 is a schematic perspective view of the con- 
figuration of a photodetectlon optical system; 10 
Fig. 7 is a schematic plan view of a photodetector 
in the optical pickup according to the first embodi- 
ment of the invention; 

Fig. 8 is a schematic block diagram of an optical 
pickup according to the present invention; 15 
Fig. 9 is a schematic block diagram of the configu- 
ration of a photodetector in an optical pickup ac- 
cording to a modification of the embodiment; 
Fig. 10 is a schematic plan view of a photodetector 
in an optical pickup according to the modification of 20 
the embodiment; 

Fig. 11 is a graph showing first and second focus 
error signal characteristics and an signal SUM 
changing based on the distance between an optical 
disc and an objective lens in an optical pickup ac- 25 
cording to the present invention; 
Fig. 12 is a schematic block diagram of the config- 
uration of a photodetector in an optical pickup ac- 
cording to another modification of the embodiment; 
Fig. 13 is a block diagram of the configuration of a so 
photodetector in an optical pickup according to an- 
other modification of the embodiment; 
Fig. 14 Is a schematic perspective view of the con- 
figuration of an optical pickup according to one em- 
bodiment of the present invention; 35 
Fig. 15 is a schematic block diagram of one photo- 
detector in the optical pickup according to the 
present invention; 

Fig. 16 is a schematic block diagram of the other 
photodetector in the optical pickup according to the 40 
present invention; 

Fig. 17 is a schematic perspective view of the con- 
figuration of a photo detection optical system in the 
optical pickup according to the present invention; 
Fig. 1 8 is a graph showing the relation between the 45 
focus amount and the focus error signal in a three- 
layer optical disc according to an embodiment of the 
present invention; 

Fig. 19 is an expanded representation of Fig. 18; 
Fig. 20 is a schematic block diagram of an optical so 
pickup according to an embodiment of the present 
invention; 

Fig. 21 is a graph showing the relation between the 
defocus amount and the focus error signal in a 
three-layer optical disc according to another modi- ss 
fication of the second embodiment; and 
Fig. 22 is a schematic block diagram of an optical 
pickup according to another modification of the sec- 



ond embodiment. 
DETAILED DESCRIPTION OF THE EMBODIMENTS 
First Embodiment 

[0031] A recording and/or reproducing apparatus 
(hereinafter, referred to as recording/reproducing appa- 
ratus) including an optical pickup according to preferred 
embodiments of the present Invention will be described. 

Optical Pickup 

[0032] Fig. 3 is a view showing the configuration of an 
optical pickup 3 according to a first embodiment of the 
present invention. 

[0033] The optical pickup 3 includes a semiconductor 
laser 31 as a light source, a grating 32, a polarization 
beam splitter 33, a collimator lens 34, a mirror 35, a 1/4 
(quarter)-wavelength plate 36, an objective lens 37, an 
astigmatism generating optical element 38 of a light 
transmitting material such as a cylindrical lens, a diffrac- 
tion optical element 39 such as a holographic lens, and 
a photodetector 40 including a 0-th order diffracted light 
photodetector 400 and ±1st order diffracted light photo- 
detectors 401 , 402. The optical disc 1 is placed apart 
from the objective lens 37 on the turntable of a spindle 
motor which is not shown. 

[0034] The optical pickup 3 contains a focus actuator 
301 which allows the objective lens 37 to move in a di- 
rection perpendicular to the surface of the optical disc 1 
(in the direction of the optical axis) based on the level 
and polarity of a supplied driving signal, and performs 
focus servo control to focus a light beam emitted from 
the light source on a predetermined recording layer. 
[0035] As shown in Fig. 4, in the photodetector 40, the 
0-th order diffracted light photodetector 400 includes 
four equal area, light receiving portions (B1 , B2, B3 5 B4) 
independent from each other and positioned in the vi- 
cinity of each other with two orthogonal dividing lines as 
the boundaries. One of the dividing lines is placed par- 
allel to the extending direction of the track. The list order 
diffracted light photodetectors 401 and 402 include 
three independent light receiving portions (A1, A2, A3) 
(C1, C2, C3), respectively positioned in the vicinity of 
each other with at least two dividing lines extending ap- 
proximately parallel to the direction perpendicular to the 
extending direction ot the track as the boundaries. The 
photodetector 40 is positioned so that the 0-th order dif- 
fracted light forms a circle of least confusion which will 
be described later when a light spot is in a focused state 
on the optical disc, and the circle is positioned at the 
intersection of the dividing lines of the 0th -order diffract- 
ed light photodetector 400. The light receiving portions 
are formed and positioned in point-symmetry with re- 
spect to the center (i.e., the intersection of the dividing 
lines) of the light receiving portions (B1 , B2, B3, B4), in 
other words : in symmetry with respect to straight lines 
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extending from the center in the track direction and the 
perpendicular direction, respectively. 
[0036] Note that the light receiving portions in the 
±1st-order diffracted light photodetectors may be at 
least two independent light receiving portions, and as 
shown in Fig. 12, the light receiving portions A1 and A3, 
and light receiving portions C1 and C3 may be connect- 
ed rather than being independent. 

Optical Path of Optical Pickup 

[0037] As shown in Rg. 3, a light beam emitted from 
the semiconductor laser 31 comes into the polarization 
beam splitter 33 through the grating 32. The polarization 
beam splitter 32 includes a polarizing mirror. The inci- 
dent light beam passes through the polarization beam 
splitter 33 and then the collimator lens 34. The optical 
path of the light beam, then, is changed perpendicularly 
by the mirror 35, passes through the 1/4 wavelength 
plate 36, and is irradiated upon the information record- 
ing plane of the optical disc 1 by the objective lens 37. 
Thus, in the irradiation optical system, the objective lens 
37 focuses a light beam on a series of pits or a track 
helically or concentrically arranged on the optical disc 
1, and forms a light spot on the recording plane. With 
the irradiation light beam in a form of a spot, recording 
information is written/read to/from the information re- 
cording plane of the optical disc. 
[0038] Return light reflected from the recording plane 
of the optical disc is guided to the photodetectors by the 
photodetection optical system. More specifically, the re- 
turn light is incident again into the polarization beam 
splitter 33 through the objective lens 37, the 1/4 wave- 
length plate 36, the mirror 35 and the collimator lens 34. 
In this instance, the return light has its optical path 
changed by the polarization beam splitter 33 toward a 
direction other than toward the semiconductor laser 31 , 
and is guided to the astigmatism generating optical el- 
ement 38 and the diffraction optical element 39. The re- 
turn light passed through the astigmatism generating 
optical element 38 and the diffraction optical element 39 
is provided with astigmatism, diffracted, and then let into 
the 0-th order diffracted light photodetector 400 and ± 1st 
order diffracted light photodetectors 401 , 402 in the pho- 
todetector 40 as diffracted light. Note that the return light 
may be provided with astigmatism after the diffraction 
by arranging the astigmatism generating optical ele- 
ment 38 and the diffraction optical element 39 in the re- 
versed order. The light receiving portions in the photo- 
detector 40 each photoelectrical^ convert the received 
light and output a resulting photodetection electrical sig- 
nal which is subjected to a predetermined operation by 
the servo-signal generating operation circuit and a focus 
error signal is generated. 

Function of Photodetection Optical System 

[0039] The holographic lens as the diffraction optical 



element 39 has an eccentric lens effect which allows the 
±1 st order diffracted light to be deflected from the orig- 
inal optical axis in approximate symmetry and con- 
densed. The lens also serves as a convex or concave 
s lens to any of the ±1st order diffracted light. As a result, 
as shown in Fig. 5, when a light beam is in a focused 
state on the track of the optical disc, the 0-th order dif- 
fracted light forms a focal point (at (a) in Fig. 5) by the 
diffraction optical element 39, assuming that there is not 
10 the astigmatism generating optical element 38. At the 
same time, the +1st order diffracted light forms a focal 
point f1 apart from the optical axis and before the pho- 
todetector 40 and the -1st order diffracted light forms a 
focal point f2 apart from the optical axis and ahead of 
is the photodetector 40. The distance between the focus- 
ing points of ±1 st order diffracted light, in the other words 
the distance between (d) and (e) shown in Fig. 5 corre- 
sponds to the capture range of the focus error signal 
[0040] As shown in Fig. 5, the ±1st order diffracted 
light of the return light provided with astigmatism by the 
cylindrical lens 38 which serves as the astigmatism gen- 
erating optical element forms light spots having approx- 
imately equal areas in the vicinity of the center of the 
±1st order diffracted light photodetectors 401 , 402 (A2 
and C2 in Fig. 4). Note that the diffraction optica! ele- 
ment 39 of the holographic lens is set so that the 0-th 
order diffracted light has a greater quantity of light than 
the±1st order diffracted light. This is for the purpose of 
setting the output of the 0-th order diffracted light pho- 
todetector 400 to be larger than those of the ±1 st order 
diffracted light photodetectors 401, 402. 
[0041 ] The 0-th order diffracted light is not affected by 
the holographic lens of the diffraction optical element 39, 
and therefore advances without being shifted from the 
original optical axis. For the 0-th order diffracted light 
only, the system operates exactly in the same manner 
as a detection optical system using an astigmatism 
method. More specifically, as shown in Fig. 6, the 0-th 
order diffracted light of the return light having astigma- 
tism provided by the cylindrical lens 38 in the astigma- 
tism generating optical element forms a light spot (the 
circle of least confusion as will be described) in the vi- 
cinity of the center of the four-segment, 0-th order dif- 
fracted light photodetector 400 having four light receiv- 
ing plane segments divided by two orthogonal lines in 
the track direction and the radial direction of the disc. 
[0042] As shown in Fig. 6, the cylindrical lens 38 is 
positioned in the optical path of the return light so that 
its central axis (the axis of rotation symmetry of the cy- 
lindrical surface forming a lens surface) extends at an 
angle of 45° with respect to the track extending direction 
of the optical disc, in this arrangement, the return light 
converged by the objective lens 37 is provided with 
astigmatism. With this arrangement, a line image M, a 
circle of least confusion B and a line image S are formed 
depending on the distance between the optical disc and 
the objective lens 37. Therefore, the detection optical 
system irradiates the circle of least confusion B at (a) in 
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Fig. 6 to the 0-th order diffracted light photodetector400 
when the light beam is in a focused state, and a line 
image and an elliptical light spot extending in a diagonal 
direction of the light receiving plane as shown at (b) or 
(c) In Fig. 6 in a defocus state. The distance between 
the line images of the 0-th order diffracted light, i.e., the 
distance between (b) and (c) in Fig. 5 corresponds to 
the capture range of the focus error signal. The capture 
range obtained by the 0-th order diffracted light photo- 
detector 400 is referred to as "first capture range," while 
the range obtained by the ±1 st order diffracted light pho- 
todetectors 401 , 402 are referred to as "second capture 
range." 

[0043] The operation of obtaining the first and second 
capture ranges using the 0-th and ±1st order diffracted 
fight photodetectors 400, 401 , 402 by the photodetec- 
tion optical system including the holographic lens as the 
diffraction optical element 39 and the cylindrical lens 38 
as the astigmatism generating element will be de- 
scribed. 

[0044] As shown in (a) of Fig. 7, the 0-th order diffract- 
ed light is condensed into the circle of least confusion 
on the 0-th order diffracted light photodetector 400, and 
at the same time the ±1st order diffracted light is con- 
densed into ellipses of approximately equal areas ex- 
tending in different diagonal directions on the ±1st order 
diffracted light photodetectors 401 , 402, respectively. 
[0045] When the optical disc 1 is closer to the objec- 
tive lens 37 than the focused state position, as shown 
in (b) of Fig. 7, the 0-th order diffracted light forms a line 
image along a diagonal line, +1st order diffracted light 
is condensed into a reduced ellipse on the + 1st order 
diffracted light photodetector 401, and -1st order dif- 
fracted light is condensed as an expanded ellipse on the 
-1 st order diffracted light photodetector 402. 
[0046] Meanwhile, if the optical disc 1 is farther from 
the objective lens 37 than the focused state position, as 
shown in (c) of Fig. 7, the 0-th order diffracted light forms 
a line image along the other diagonal line, the +1 st order 
diffracted light is condensed into an expanded ellipse 
on the +1 st order diffracted light photodetector 401 , and 
the -1st order diffracted light is condensed into a re- 
duced ellipse on the -1st order diffracted light photode- 
tector 402. 

[0047] As shown in (d) and (e) of Fig. 7, when the dis- 
tance to the optical disc increases/decreases, the 0-th 
order diff racted light is condensed into an expanded el- 
lipse on the 0-th order diffracted light diffracted light pho- 
todetector 400. As shown in (d) of Fig. 7, when the op- 
tical disc is closer, the -fist order diffracted light is con- 
densed into an ellipse extended in the diagonal direction 
and having the smallest area on the +1st-order diffract- 
ed light photodetector 401 . At the time, the -1st order 
diffracted light is condensed into an even more expand- 
ed ellipse on the -1 st order diffracted light photodetector 
402. As shown in (e) of Fig. 7, when the optical disc is 
further, the -fist order diffracted light is condensed into 
an even more expanded ellipse on the 4-1 st order dif- 



fracted light photodetector 401, and the -1st order dif- 
fracted light is condensed into an ellipse with the small- 
est area in the diagonal direction on the -1st order dif- 
fracted light photodetector 402. 
5 , [0048] As shown in (f) and (g) of Fig. 7, the distance 
to the optical disc increases/decreases, the 0-th order 
diffracted light forms an ellipse expanding beyond the 
0-th order diffracted light photodetector 400. As shown 
in (f) of Fig. 7, when the optical disc is closer, the +1st- 
10 order diffracted light is condensed into an ellipse extend- 
ing in the other diagonal direction on the +1st order dif- 
fracted light photodetector 401 , while at the same time, 
the -1st order diffracted light is further condensed into 
an even more expanded ellipse. Meanwhile, if the opti- 
cs cal disc is further, as shown in (g) of Fig. 7, the 4-1 st 
order diffracted light is condensed into a more expanded 
ellipse, and at the same time, -1st order diffracted light 
is condensed into an ellipse further extending in the oth- 
er diagonal direction on the -1st order diffracted light 
20 photodetector 402. 

[0049] Therefore, the focus error signals, i.e., first and 
second focus error signals FE1 and FE2 having the first 
and second capture ranges are given by the following 
expressions (1 ) (astigmatism method) and (2) (spot size 
25 method), where the reference characters of the light re- 
ceiving portions in the 0-th order diffracted light photo- 
detector 400 and the ±1 st order diffracted light detectors 
401 , 402 represent their outputs. 

30 

FE1 = (B1+B3)-(B2+B4) (1) 



FE2 - (A1 +A3+C2) - (A2+C1 +C3) (2) 

35 

[0050] The first and second focus error signals can be 
generated so that the first and second capture ranges 
are different from each other. 

*o Servo-signal Generating Operation Circuit 

[0051] As shown in Fig. 4, the 0-th order diffracted 
light photodetector 400 is connected to a servo-signal 
generating operation circuit 411 for the 0-th order dif- 

45 fracted light, and the circuit 41 1 generates the first focus 
error signal FE1 having the first capture range based on 
the output signal of the 0-th order diffracted light photo- 
detector 400. The ± 1 st order diffracted light photodetec- 
tors 401 , 402 are connected to a servo-signal generate 

50 ing operation circuit 412 for the ±1st order diffracted 
light, and the circuit 41 2 generates the second focus er- 
ror signal FE2 having the second capture range based 
on the output signals of the servo-signal generating op- 
eration circuits 401 , 402 for the ± 1st-order diffracted 

55 light. 

[0052] The servo-signal generating operation circuit 
411 for the 0-th order diffracted light includes addition 
circuits 436, 437, and 438, and a subtraction circuit 439. 
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The subtraction circuit 439 performs subtraction be- 
tween the output signals of the addition circuits 436 and 

437 ((B1+B3) - (B2+B4)), and based on the output, the 
first focus error signal FE1 is generated. Note that both 
outputs of the addition circuits 436 and 437 resulting 
from the addition of the photoelectric conversion signals 
of the light receiving portions (B1+B3) and (B2+B4), 
which are positioned in point symmetry with respect to 
the light receiving center on the light receiving plane of 
the photodetector 400. are added by the addition circuit 

438 to generate a focus sum signal SUM. The focus sum 
signal SUM is transmitted as an RF (Radio Frequency) 
signal to a read signal processing system (not shown) 
via an RF amplifier and an equalizer (both not shown). 
The read signal processing system reproduces a final 
audio or video signal or a computer data signal from the 
RF signal, and the reproduced signal is transmitted, for 
example, to the external device of the apparatus. The 
photoelectric conversion signals of the light receiving 
portions (B1+B2) and (B3+B4) divided by the tangential 
dividing line are generated and used as tracking error 
signals. 

[0053] As shown in Fig. 4, the servo-signal generating 
operation circuit 412 for the ±1st order diffracted light 
includes addition circuits 446 and 447, and a subtraction 
circuit 449. The subtraction circuit 449 performs sub- 
traction between the output signals of the addition cir- 
cuits 446 and 447 ((A1+A34-C2) - (A2+C1+C3)), and 
based on the output, the second focus error signal FE2 
is generated. 

[0054] The output depending upon the size of the con- 
densed spot on the photodetector as shown in Fig. 7 is 
obtained by the operations, so that the first focus error 
signal FE1 according to the astigmatism method and the 
second focus error signal FE2 according to the differen- 
tial spot size method can be provided. The ±1st order 
diffracted light photodetectors 401 and 402 are used on- 
ly for detecting the second focus error signal FE2 and 
not for detecting the tracking error signal or the RF sig- 
nal. The second capture range of the second focus error 
signal FE2 can be set substantially independently from 
thefirstfocuserrorsignal FE1 by setting the focal length 
of the holographic lens. The second capture range can 
be set larger than the capture range of the first focus 
error signal FE1 , and therefore the resulting focus error 
signal can be used as a focus error signal with an im- 
proved focus servo setting characteristic. 
[0055] A larger quantity of light is distributed for the 
0-th order diffracted light which requires a broad band- 
width and an S/N. Therefore, the holographic lens 39 is 
set so that the 0-th order diffracted light has a greater 
quantity of light than the 1st order diffracted light. The 
±1st order diffracted light used only for generating the 
focus error signal does not require a large signal band- 
width or S/N. 



Focus Servo Loop Control 

[0056] As shown in Fig. 8, the focus error signal FE1 
obtained by the subtraction circuit 439 serving as an out- 
5 put stage of the optical pickup 3 is amplified by an am- 
plifier (not shown) and supplied to a zero-cross detec- 
tion circuit 57 and an equalizer 58. 
[0057] The zero-cross detection circuit 57 detects the 
first focus error signal FE1 attaining a predetermined 
10 level, a zero level according to the embodiment, to gen- 
erate a zero-cross detection signal FZ based on the re- 
sult of detection for supply to a control unit 59. The con- 
trol unit 59 is a microcomputer, which includes a proc- 
essor, a ROM and a RAM, receives commands from a 
1$ system controller and stores predetermined threshold 
values. The equalizer 58 equalizes the waveform of the 
supplied focus error signal FE1 and supplies the equal- 
ized, first focus error signal FE1 to one input terminal 
(A) of a switch circuit 51 0. 

[0058] The second focus error signal FE2 obtained by 
the subtraction circuit 449 which serves as the other out- 
put stage of the optical pickup 3 is amplified by an am- 
plifier (not shown) and supplied to an equalizer 60. The 
equalizer 60 equalizes the waveform of the supplied sig- 
nal FE2, and supplies the equalized, second focus error 
signal FE2 to another input terminal (B) of the switch 
circuit 510. 

[0059] The input terminal (C) of the switch circuit 510 
is provided with a forcing signal FP and a control signal 
from the system control unit 59, and switching control is 
performed to selectively output from (A) to (C) in re- 
sponse to the control signal. When the control signal in- 
structs the focus servo loop to be closed, one focus error 
signal from an equalizer is selected for output to a driver 
amplifier 513. Meanwhile, when the control signal in- 
structs the loop to be open and a focus actuator 301 to 
be forcibly driven, the forcing signal FP from the control 
unit 59 is selected for output to the driver amplifier 513. 
[0060] The control unit 59 performs various control 
and processing in the player. The unit for example per- 
forms processing corresponding to a focus setup oper- 
ation mode. 

[0061] In the setup operation mode processing, the 
level of the signal SUM is compared to athreshold level 
TH supplied from the control unit 59 using a comparator 
101 and when the level is beyond the threshold level, a 
focus servo activation permission signal FOK rendered 
significant only when the threshold level is passed is out- 
put to the control unit 59. The control unit 59 detects the 
completion of the setup of the read signal processing 
system and the focus servo system in response to the 
received focus servo activation permission signal FOK 
and starts the servo control while retaining the setting 
of the focus servo control at the time. 
[0062] The output signal of the switch circuit 510 is 
supplied to the driver amplifier 513. The driver amplifier 
513 generates a driving signal based on the output of 
the switch circuit 51 0, and supplies the generated signal 
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to the focus actuator 301 . Thus : in the focus servo loop 
closed state in which the switch circuit 510 selects one 
input and relays the output signal of the equalizer 58 or 
60 to the driver amplifier 51 3, the focus actuator 301 is 
driven so that the focus error signal attains a zero level, 
in other words, the focused position of the light beam 
follows the recording plane. Meanwhile, in the focus ser- 
vo loop open state in which the switch circuit 51 0 selects 
the other input and only the forcing signal FP is relayed 
to the driver amplifier 51 3, the focus actuator 301 is driv- 
en so that the focused position of the light beam is for- 
cibly moved toward/apart from a target recording plane 
in response to the forcing signal FP. 
[0063] The processing in the focus setup operation in 
the operation with a multi-layer optical disc executed by 
the control unit 59 will be now described in detail by way 
of illustration. 

[0064] In step 1 , the switch circuit 510 is selectively 
switched to the input terminal C in response to. a focus 
search signal output from the control unit 59, and a tri- 
angular wave signal generated by the control unit 59 is 
input to the driver amplifier 513. The signals detected 
by the photodetectors are operated using the servo-sig- 
nal generating operation circuits, and the first and sec- 
ond focus error signals FE1 and FE2 are input to the 
focus servo control circuit. 

[0065] In step 2, the focus error signal FE1 is used to 
determine whether the disc is a single layer optical disc 
or a multi-layer optical disc. The optical disc is deter- 
mined for example based on the number of zero-cross 
points of the first focus error signal FE1 detected by the 
zero-cross detection circuit 57. The control unit 59 de- 
termines that the disc is a multi-layer optical disc when 
the first focus error signal has more than one zero-cross 
points. 

[0066] In step 3, the switch circuit 51 0 is switched to 

the input terminal B and the second focus error signal 

FE2 is input to the driver amplifier 513. 

[0067] in step 4, after lock-in is confirmed, the switch 

circuit 51 0 is switched to the input terminal A, and the 

first focus error signal FE1 is input to the driver amplifier 

513. 

[0068] In step 5, when the disc is determined to be a 
multi-layer optical disc in the step 2, the switch circuit 
51 0 is switched to the input terminal C and a focus jump 
signal is input to the driver amplifier 513. When the disc 
is a single-layer optical disc, the process directly pro- 
ceeds to the next operation. 

[0069] In step 6, the switch circuit 51 0 is switched to 
the input terminal B, and the second focus error signal 
is input to the driver amplifier 51 3. The focus jump to the 
nearest recording layer is completed, and the process 
proceeds to the next operation. 

Modification of the Embodiment 

[0070] In the above-described embodiment, in the 
0-th order diffracted light photodetector 400, an area of 



the light receiving portions (B1, B3) having the positive 
polarity and an area of the light receiving portions (B2, 
B4) having the negative polarity connected to the servo- 
signal generating operation circuit411 forthe 0-th order 
5 diffracted light are approximately equal, and the light re- 
ceiving portions (A1 , A3) (C1 , C3) are symmetrically ar- 
ranged with respect to the central light receiving portions 
(A2) (C2) in the ±1st order diffracted light photodetec- 
tors 401 ,402. 

10 [0071] In a modffication of the embodiment, as shown 
in Fig. 9, in the±1st order diffracted light photodetectors 
401 , 402, an area of the light receiving portions (A1 , A3) 
(C2) having the positive polarity and an area of the light 
receiving portions (A2), (C1 , C3) having the negative po- 
15 larity connected to the servo-signal generating opera- 
tion circuit are approximately equal. In other words, the 
area of the light receiving portions (A1 , A3) in the +1st- 
order diffracted light photodetector 401 is d'mded by a 
dividing line L along the longer axis (the diagonal direc- 
tion) of the elliptical spot of the +1 st order diffracted light 
and reduced by the area of the sub portion A4. Both sub 
portions A4 are connected to the light receiving portion 
A2 to increase the area of the light receiving portion A2, 
so that the areas of the light receiving portions having 
the positive and negative polarities are set approximate- 
ly equ al. Similarly, the area of the light receiving portions 
(C1 , C3) in the -1st-order diffracted light photodetector 
402 is divided by a dividing line L along the longer axis 
(the diagonal direction) of the elliptical spot of the -1st- 
order diffracted light and reduced by the area of the sub 
portion C4. Both sub portions C4 are connected to the 
light receiving portion C2 to increase the area of the light 
receiving portion C2, so that the areas of the light re- 
ceiving portions having the positive and negative polar- 
ities are set approximately equal. 
[0072] Thus, the offset of the focus error signals in a 
defocus state can be reduced. More specifically, as 
shown in Fig. 1 0, in the modification of the embodiment, 
the same operation for the arrangement shown in Fig. 
7 is performed for the 0-th order diffracted light photo- 
detector 400. For the ±1st order diffracted light photo- 
detectors 401 , 402, as can be seen from (d) and (e) of 
Fig. 10, the same operation is performed until the states 
shown in (d) and (e) of Fig. 7 are provided. 
[0073] After the states shown in (d) and (e) of Fig. 10, 
when the ± 1st order diffracted light spots start to expand 
beyond the areas of the ± 1 st order diffracted light pho- 
todetectors 401 and 402, the absolute value of the sec- 
ond focus error signal FE2 starts to decrease. As shown 
in (!) of Fig. 10, as the optical disc is closer and a greater 
defocus state is attained, the -1st order diffracted light 
outside the light receiving portions (C1 , C3) comes into 
both adjacent sub portions C4. Thus, the opposite po- 
larity component increases, and therefore the curve of 
the second focus error signal FE2 operated by the 
above expression (2) more abruptly decreases to zero 
right after the second capture range is passed than the 
curve of the second focus error signal FE2 without the 
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adjacent sub portions C4. 

[0074] As shown in (g) of Fig, 10, if a great defocus 
state is attained in the direction in which the optical disc 
1 moves away from the objective lens 37, the + 1st-order 
diffracted light outside the light receiving portions (A1 , 5 
A3) comes into both adjacent sub portions A4. Thus, the 
opposite polarity component increases, and therefore 
similarly to the case when the optical disc is closer, the 
curve of the second focus error signal FE2 operated by 
the above expression (2) more abruptly decreases to 10 
zero right after the second capture range is passed than 
the curve of the second focus error signal FE2 without 
the adjacent sub portions A4. 

[0075] By changing the shape of the sub portions A4 
and C4 in the light receiving portions or the distance 15 
therebetween, the manner of convergence to zero 
changes in a region outside the second capture range, 
and therefore the shape or distance can be optimized 
to allow the second focus error signal characteristic with 
mild convergence to zero to be abruptly converged to 20 
zero according to the modification. Therefore, a multi- 
layer disc with a small layer interval can be reproduced 
with a sufficiently smaller offset in the focus error signal 
in each layer, and the detection sensitivity changes little, 
so that normal focus servo control can be achieved. 25 
[0076] Note that the light receiving portions in the±1st 
order diffracted light photodetectors need only include 
at least two independent light receiving portions, and 
therefore as shown in Fig. 1 3 , the light receiving portions 
A1 andA3andC1 and C3 may be connected rather than 30 
being independent from one another. 
[0077] Fig. 11 shows the first and second focus error 
signal characteristics and the signal SUM changing 
based on the distance between the optical disc and the 
objective lens using the optical pickup according to the 35 
modification. 

[0078] Meanwhile, when the present invention is ap- 
plied to a three-beam pickup such as DPP and CTC, 
although ±1 st order diffracted light is generated in aside 
beam, the quantity of the ±1st diffracted light in the side 40 
beam is insignificant, and therefore a photodetectorfor 
receiving the light is not necessary. The three-beam 
photodetector receives only the 0-th order diffracted 
light by the above diffraction optical element. 
[0079] According to the present invention, the first fo- 45 
cus error signal according to the astigmatism method 
and the second focus error signal according to the dif- 
ferential spot size method can be provided. The capture 
range of the second focus error signal may be set larger 
than the capture range of the first focus error signal, so 
Therefore, using the second focus error signal having a 
wide capture range, stable setting operation can be per- 
formed in a multi-layer optical disc for example, while 
using the first focus error signal having a narrow capture 
range unaffected by interlay er crosstalk, interlayer jump 55 
or focus servo control in each layer can be performed. 
[0080] When reproducing a land/groove optical disc, 
only the second focus error signal is used, so that stable 



focus servo control unaffected by track cross noises can 
be achieved. In this instance, much allowance is not 
necessary for the size of the photodetector, in other 
words, the size of the photodetector may be reduced 
since the first focus error signal is not used. The band- 
width can be readily widened with a small size photode- 
tector. in addition, the use of the small size photodetec- 
tor for reproducing information from a multi-layer optical 
disc allows interlayer crosstalk in a reproduced signal to 
be restrained to a low level. 

[0081] In the ±1st order diffracted light photodetec- 
tors, the areas of the light receiving portions connected 
to the servo-signal generating operation circuit having 
the positive polarity and the negative polarity are ap- 
proximately equal, and therefore offsets of the focus er- 
ror signal in a defocus state can be reduced. 

Second Embodiment 

[0082] A recording/reproducing apparatus including 
an optical pickup according to a second embodiment of 
the present invention will be described. 

Irradiation Optical System in Optical Pickup 

[0083] Fig. 14 is a view showing the configuration of 
an optical pickup 1003 according to a second embodi- 
ment of the present invention. A multi-layer disc such as 
an optical disc 1001 having three recording layers as 
shown in Fig. 1 is placed on the turntable and apart from 
an objective lens 1037 in the optical pickup 1003. The 
turntable is rotated by a spindle motor (not shown) 
[0084] The optical pickup 1 003 includes an irradiation 
optical system including a semiconductor laser 1 031 as 
a light source, a collimator lens 1032, a polarization 
beam splitter 1033, a mirror 1035, a 1/4 wavelength 
plate 1036, and the objective lens 1037, 
[0085] The optical pickup 1 003 includes a focus actu- 
ator 1301 supporting the objective lens 1037. The focus 
actuator 1 301 performs focus servo control in which the 
objective lens 1037 is shifted in the direction perpendic- 
ular to the surface of the optical disc 1 001 (the direction 
of the optical axis) based on the level and polarity of a 
supplied driving signal, and a light beam emitted from 
the light source is condensed on a predetermined re- 
cording layer. 

[0086] As shown in Fig. 14, the light beam emitted 
from the semiconductor laser 1031 comes into the po- 
larization beam splitter 1033 via the collimator lens 
1032. The polarization beam splitter 1033 has a polar- 
izing mirror, and the incident light beam passes through 
the polarization beam splitter 1033, has its optical path 
changed perpendicularly by the mirror 1035, passes 
through the 1/4 wavelength plate 1 036, and is irradiated 
upon the information recording plane of the optical disc 
1001 from the objective lens 1037, Thus, in the irradia- 
tion optical system, the objective lens 1037 condenses 
or focuses a light beam upon a series of pits or a track 
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helically or concentrically formed on the optical disc 
1 001 , and forms a light spot on the recording plane. With 
the irradiation light beam spot, recording information is 
written/read to/from the information recording plane of 
the optical disc. 

Detection Optical System in Optical Pickup 

[0087] As shown in Fig. 14, the optical pickup 1003 
further includes a detection optical system including the 
objective lens 1037, the mirror 1035, the polarization 
beam splitter 1 033, a half mirror or beam splitter 1 033a, 
first and second condenser lenses 1302, 1302a, and 
first and second optical elements 1303, 1303a. The op- 
tical pickup also includes first and second photodetec- 
tors 1400, 1400a to receive return light from the optical 
disc 1001 . The detection optical system shares the ob- 
jective lens 1037, the mirror 1035 and the polarization 
beam splitter 1033 with the irradiation optical system. 
[0088] Thedetection optical system includes afirstfo- 
cus error signal detection portion and a second focus 
error signal detection portion which share the beam 
splitter 1 033a. The first focus error signal detection por- 
tion includes the first condenser lens 1 302, the first op- 
tical element 1303 and the first photodetector 1400, and 
the second focus error signal detection portion includes 
the second lens 1302a, the second optica! element 
1303a and the second photodetector 1400a. 
[0089] The first focus error signal detection portion 
generates a first focus error signal having a first capture 
range smaller than the smallest distance between adja- 
cent recording layers in the optical disc 1001 . The sec- 
ond focus error signal detection portion generates a sec- 
ond focus error signal having a second capture range 
larger than the first capture range. 
[0090] In the first and second focus error signal de- 
tection portions, the first and second focus error signals 
having the first and second capture ranges are gener- 
ated for example according to the astigmatism method. 
According to the embodiment, the focus error signals 
having the capture ranges are formed according to the 
astigmatism method, while the invention is not limited to 
the method, and various other methods including 
Foucault and spot size methods may be applied. The 
first and second focus error signal defection portions do 
not have to obtain the first and second focus error sig- 
nals according to the same method, in other words, the 
signals may be obtained by different approaches. 
[0091] According to the embodiment, the first and 
second optical elements 1303, 1303a are astigmatism 
generating optical elements of a light transmitting ma- 
terial such as a cylindrical lens, while they may be a dif- 
fraction element such as a holographic lens. 
[0092] As shown in Fig. 14, return light reflected from 
a light beam spot on a recording plane of the optical disc 
1001 is guided to the photodetectors by the detection 
optical system. More specifically, the return light again 
comes into the polarization beam splitter 1033 through 



the objective lens 1037, the 1/4 wavelength plate 1036, 
and the mirror 1 035. In this case, the return light has its 
optical path changed toward a direction different from 
the direction toward the semiconductor laser 1031 by 
5 the polarization beam splitter 1033, and guided to the 
beam splitter 1 033a. The beam splitter 1033a splits the 
return light, guides the split light portions to the first and 
second condenser lenses 1 302, 1 302a and the first and 
second optical elements 1303, 1303a for supply to the 
first and second focus error signal detection portions in- 
cluding the first and second photodetectors 1400 and 
1400a. The light receiving portions of the photodetec- 
tors photoelectrical converts the received light. The 
photodetection electrical signals output by the photoe- 
lectric conversion are subjected to a predetermined op- 
eration by the servo-signal generating operation circuit, 
and the first and second focus error signals are gener- 
ated. The intensities of the first and second focus error 
signals depend on the beam splitter 1033a. 

Generation of Focus Error Signals 

[0093] The astigmatism method will be described in 
which the first and second focus error signal detection 
portions obtain the first and second focus error signals 
having the first and second capture ranges of different 
ranges. 

[0094] As shown Fig. 15, the first photodetector 1400 
includes four equal area, light receiving portions (B1 , 
B2 : B3, B4) independent from each other and provided 
in the vicinity of each other with two orthogonal dividing 
lines as the boundaries wherein one of the dividing lines 
is parallel to the extending direction of the track. As 
shown in Fig. 1 5, the second photodetector 1400a also 
includes four equal area, light receiving portions (B1a, 
B2a, B3a, B4a) independent from each other and pro- 
vided in the vicinity of each other with two orthogonal 
dividing lines as the boundaries wherein one of the di- 
viding lines is parallel to the track extending direction. 
The first and second photodetectors 1400 and 1400a 
are provided such that a light spot is in a focused state 
on the optical disc 1001, return light forms a circle of 
least confusion, and the circle is provided at the inter- 
section of the dividing lines for the first photodetector 
1400. 

[0095] As shown in Fig. 17, the first optical element 
1303 such as a cylindrical lens in the first focus error 
signal detection portion is provided in the optical path of 
the return light so that the central axis (the rotation sym- 
metry axis of the cylindrical surface forming a lens, sur- 
face) extends at an angle of 45° with respect to the track 
extending direction of the optical disc. Thus, the return 
light to be condensed by the first condenser lens 1302 
is provided with astigmatism. With this arrangement, a 
line image M, a circle of least confusion B and a line 
image S are formed based on the distance between the 
optical disc 1 001 (the track on a recording layer) and the 
objective lens 1037. Therefore, the detection optical 



15 



20 



25 



30 



35 



40 



45 



50 



21 



EP 1 220 210 A2 



22 



system Irradiates fight in the circle of ieast confusion B 
in Fig. 1 7 at (a) to the first photodetector 1400 when the 
light beam is in a focused state. The system irradiates 
a line image and an elliptical light spot extending diag- 
onally on the light receiving plane as shown in Fig. 17 5 
at (b) or (c) to the first photodetector 1400 in a defocus 
state. The light spot changes depending upon the defo- 
cus amount. Therefore, the distance between the line 
images condensed by the return light, i.e., the distance 
between (b) and (c) as shown in Fig. 1 7 corresponds to 10 
the first capture range (astigmatic difference) of the fo- 
cus error signal. 

[0096] In the optical system in the first focus error sig- 
nal detection portion, the focal positions or the like of 
the first condenser lens 1302 and the first optical ele- 15 
ment 1303 are changed, so that the size of the first cap- 
ture range can be changed. Therefore, the first capture 
range can be set to be 1/10 or less of the least inter- 
layer distance (the thickness of an intermediate layer) 
among the distances between the recording layers in 20 
the optical disc 1001. 

[0097] Similarly, since the astigmatism method is em- 
ployed at the second focus error signal detection por- 
tion, the second focus error signal having the second 
capture range in a different size from the first capture 25 
range can be obtained when the second condenser lens 
1302a and the second optical element 1303a are suita- 
bly designed. For example, in the second focus error 
signal detection portion, the second condenser lens 
1302a and the second optical element 1303a are set so 30 
that the second capture range is greater than the sum 
of the thicknesses of all the recording layers and the in- 
termediate layers stacked on one another in the optical 
disc 1001. 

[0098] As shown in Fig. 15, the first photodetector 35 
1400 in the first focus error signal detection portion for 
detecting the defocus amount of the optical system is 
connected to the first servo-signal generating operation 
circuit 1411 which generates the first focus error signal 
FEN having the first capture range based on the output 40 
signal of the first photodetector 1400. 
[0O99] The first servo-signal generating operation cir- 
cuit 1411 includes addition circuits 1436, 1437, and 
1438, and a subtraction circuit 1 439. The subtraction cir- 
cuit 1439 performs subtraction between the output sig- 45 
nals of the addition circuits 1436 and 1437 ((B1+B3) - 
(B2+B4)), and the output is used to produce the first fo- 
cus error signal FEN. More specifically, when the out- 
puts of the light receiving portions in the second photo- 
detector 1 400 are represented by the reference charac- 
ters, the resulting focus error signal (i.e., the first focus 
error signal) FEN having the first capture range is given 
by the following expression (1): 

FEN = (B1+B3)-(B2+B4) (1) 55 

[0100] Note that the outputs of the addition circuits 



1 436 and 1 437 resulting from addition of the photoelec- 
tric conversion signals of the light receiving portions 
(B1+B3) (B2+-B4) positioned in point-symmetry with re- 
spect to the light receiving center on the light receiving 
plane of the first photodetector 1400 are added by the 
addition circuit 1438 to produce a focus sum signal 
SUM. In addition, the focus sum signal SUM is transmit- 
ted as an RF signal to a read signal processing system 
(not shown) via an RF amplifier and an equalizer (both 
not shown). The photoelectric conversion signals of the 
light receiving portions (BT+B2) and (B3+B4) divided by 
a dividing line in the tangential direction are used as 
tracking error signals. 

[0101] As shown in Fig. 16, the second photodetector 
1400a in thesecond focus errorsignai detection portion 
is connected to the second servo-signal generating op- 
eration circuit 1412 which generates the second focus 
error signal FEW having the second capture range 
based on the output signal of the second serve signal 
generation operation circuit. 

[0102] The second servo-signal generating operation 
circuit 1412 includes addition circuits 1 436a, 1437a and 
a subtraction circuit 1439a. The subtraction circuit 
1439a performs subtraction between the output signals 
of the addition circuits 1436a and 1437a ((B1a+B3a) - 
(B2a+B4a)) and the output is used to generate the sec- 
ond focus errorsignai FEW. More specifically, when the 
outputs of the light receiving portions in thesecond pho- 
todetector 1 400a are represented by the reference char- 
acters, the resulting focus error signal (i.e., the second 
focus error signal) FEW having the second capture 
range is given by the following expression (2): 

FEW = (B1 a+B3a) - (B2a+ B4a) (2) 

[0103] Thus, according to the present invention, focus 
control is performed to a multi-layer optical disc having 
at least two recording layers in a optical pickup using 
the first focus error signal detection portion (hereinafter, 
referred to as 15 FEN detection system") for generating 
the first focus error signal FEN having a first capture 
range smaller than the smallest distance between adja- 
cent recording layers in the optical disc 1 001 , and a sec- 
ond focus error detection portion (hereinafter, referred 
to as TEW detection system") for generating the sec- 
ond focus error signal FEW having a second capture 
range larger than the first capture range. 
[0104] Afocus errorsignai in a three-layer optical disc 
1001 including first to third recording layers formed at 
an interval of 1 .0 \im between adjacent recording layers 
and having intermediate layers therebetween according 
to the embodiment will be now described by way of il- 
lustration, 

[0105] The second photodetector 1400a in the FEW 
detection system outputs second focus error signals 
FEWL0, FEWL1 , and FEWL2 shifted for recording layer 
intervals corresponding to the first to third recording lay- 
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ers in the optical disc 1001 as shown in Fig. 18. The 
capture range is 4.0 \im which is wider than the record- 
ing iayer interval of 1.0 ^.m, and therefore in reality a 
composite output (solid line) is obtained. More specifi- 
cally, since the second focus error signal FEW is ob- 
tained as a composite output of FEWL0, FEWL1, and 
FEWL2, and therefore the capture range of the compos- 
ite FEW is a little more than 4.0 jxm, which is about four 
times the recording layer interval, or twice the distance 
between the first layer and the furthest third layer. Fig. 
19 is an expanded representation of Fig. 18, and as can 
be seen, the focus error signals from the recording lay- 
ers are formed into a composite clear S curve. On the 
other hand, a detection system having a smaller capture 
range than the recording layer interval has small peaks 
or dips between the maximum peaks of the S curve sim- 
ilarly to the case as shown in Fig. 2B, and is not suitable 
for the FEW detection system. 
[01 06] As shown in Fig. 1 9, the FEN detection system 
generates the first focus error signal FEN having a cap- 
ture range of about 0.1 yum (which is 1/10ofthe record- 
ing layer interval). 

Focus Servo Loop Control 

[0107] As shown in Fig. 20, the first focus error signal 
FEN obtained from the optical pickup 1003 is supplied 
to a switch circuit 1510 connected to the optical pickup 
1003. The switch circuit 151 0 supplies the first focus er- 
ror signal FEN through an adder connected thereto to a 
driving circuit 1513 including an amplification circuit, a 
phase compensation circuit, and an equalizer. The sec- 
ond focus error signal FEW obtained from the optical 
pickup 1 003 is supplied to the switch circuit 1 51 0a con- 
nected to the optical pickup 1003, and supplied to the 
driving circuit 1 51 3 through an adder connected thereto. 
[01 08] The first and second focus error signals FEN , 
FEW are supplied to the control unit 1059 connected to 
the optical pickup 1003. The control unit 1059 includes 
a filter, an A/D conversion circuit, a D/A conversion cir- 
cuit and a microcomputer including a processor, a ROM, 
and a RAM. The control unit 1059 receives commands 
from the system controller, stores predetermined 
threshold values, and generates various signals. The 
control unit 1 059 detects the level of the focus error sig- 
nals, and the first focus error signal FEN attaining a pre- 
determined level such as the zero level. In other words, 
the control unit performs zero-cross detection. The zero- 
cross detection permits the relative position of the re- 
cording layers to be detected. The control unit 1 059 gen- 
erates a forcing signal FP and the like, and supplies the 
generated signals to the driving circuit 1513 through the 
switch circuit 1 51 0b connected to the control unit 1 059 
and the adder connected to the switch circuit 151 Ob. 
[0109] The control unit 1059 supplies the switch cir- 
cuits 1510, 1510a, and 1510b with control signals to 
control their closing/opening. Switching control is per- 
formed in response to the control signals. At least one 



of the focus error signals is selected for output to the 
driving circuit 1513 when a control signal indicates that 
a focus servo loop must be closed. The forcing signal 
FP from the control unit 1059 is selected for output to 
5 the driving circuit 151 3 when the control signal indicates 
that the loop must be open and the focus actuator 1301 
must forcibly be driven. 

[0110] The driving circuit 1513 generates a driving 
signal based on the output of the adder provided after 

10 the switch circuit to output the signal to the focus actu- 
ator 1 301 . Thus, when the focus servo loop to relay the 
output signal of the switch circuit to the driving circuit 
1 51 3 is closed, the focus actuator 1 301 is driven so that 
the level of the focus error signal is zero, in other words, 

15 so that the focused position of the light beam follows a 
predetermined recording plane. 

Example of Sequential Focus Pull-in Operation 

20 [0111] One kind of focus pull-in operation (hereinaf- 
ter, simply referred to as "focus pull-in") executed by the 
control unit 1059 on the multi-layer optical disc will now 
be described. 

[0112] In response to a focus search signal from the 

25 control unit 1059 shown in Fig. 20, the switch circuit 
1 51 0 in the FEN detection system and the switch circuit 
1510a in the FEW detection system are opened. The 
control unit 1059 closes the switch circuit 1510b to the 
side of the control unit 1059, and a triangular pulse gen- 

30 erated in the control unit 1 059 for example is input to the 
driving circuit 1513. The signals detected by the photo- 
detectors are operated in the servo generation opera- 
tion circuit. Then, the control unit 1059 obtains the first 
and second focus servo signals FEN and FEW. The con- 

35 trol unit 1 059 in the setup operation mode compares the 
level of a signal SUM from the optical pickup to a thresh- 
old level applied from the memory and determines the 
completion of the setup operation when the signal level 
exceeds the threshold level. The control unit, then, 

40 starts focus servo control while retaining the setting of 
thefocus servo loop at the time. Note that the zero-cross 
detection circuit in the control unit 1059 determines 
whether the disc is a single layer disc or a multi-layer 
disc, counts the number of the recording layers, and 

45 measures the layer interval and the like using the first 
focus error signal FEN. The determination is performed 
by counting the number of zero-cross points and clock- 
ing in the first focus error signal FEN. 
[0113] In the focus pull-in routine, the control unit 

50 1 059 allows the switch circuit 151 Ob and the switch cir- 
cuit 151 0a in the FEN detection system to be open, and 
closes the switch circuit 1510a in the FEW detection 
system so that the second focus error signal FEW is in- 
put to the driving circuit 1513. Thus, a light spot is con- 

55 trolled to be between the first and m-th recording layers 
using the second focus error signal FEW having a sec- 
ond capture range largerthan the distance between the 
first and the n-th recording layers in the n-iayer optical 
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disc. 

[0114] Before the m-th layer (1<m<n) as predeter- 
mined for focusing is reached, the control unit 1 059 clos- 
es the switch circuits 1510a and 1510b, while a decel- 
eration signal generated by the control unit 1 059 is add- 
ed to the second focus error signal FEW, so that the light 
spot moves toward the m-th recording layer. 
[0115] When the control unit 1059 detects the level of 
the first capture range of the first focus error signal FEN 
in the m-th recording layer, the switch circuits 1 51 0a and 
1510b are let open, while the switch circuit 1510 in the 
FEN detection system is closed, and the first focus error 
signal FEN is input to the driving circuit 1513. 
[0116] Thus, in the sequential focus pull-in, using the 
FEW detection system generating the second focus er- 
ror signal FEW having a wide second capture range, fo- 
cus is set between the first recording layer and the re- 
cording layer the furthest from the first recording layer. 
Then, using the FEN detection system generating the 
first focus error signal FEN having a normal narrow cap- 
ture range, focus is setto a predetermined recording lay- 
er. 

[01 1 7] For example, in a case of a three-layer disc in- 
cluding first to third recording layers formed at an inter- 
val of 1 0 \im between adjacent recording layers and hav- 
ing intermediate layers therebetween, as shown in Fig. 
21 , the FEN detection system must generate the first 
focus error signal FEN having a capture range of about 
1 .0 \xm (1/1 0 of the recording layer interval). This makes 
the focus pull-in difficult and vulnerable to disturbances. 
However, the capture range of the composite FEW is 
about 40 ftm, which is four times the recording layer in- 
terval, in other words twice the largest interval between 
the first layer and the third layer. As a result, the large 
second capture range alleviates the focus pull-in oper- 
ation. 

Example of Focus Pull-in Operation with Disturbances 

[0118] Another kind of focus pull-in operation execut- 
ed by the control unit 1 059 in a multi-layer optical disc 
will be described. 

[0119] When focus is set to a predetermined record- 
ing layer (within the first capture range) according to the 
first focus error signal FEN having the narrow capture 
range from the FEN detection system, and the control 
unit 1 059 determines that the first focus error signal FEN 
is beyond a predetermined value, the control circuit 
1059 shown in Fig. 20 opens the switch circuit 1510 in 
• the FEN detection system and the switch circuit 1 51 Ob, 
closes the switch circuit 1510a in the FEW detection 
system, and inputs the second focus error signal FEW 
to the driving circuit 1 51 3. By the operation, switching is 
made from the focus pull-in with the narrow capture 
range to a predetermined recording layer, focus pull-in 
is performed between the first recording layer and the 
recording layerthe furthest from the first recording layer. 
When the servo control is almost interrupted, for exam- 



pie, FEN is equal to or larger than the level correspond- 
ing to ±0.3 jxm when the capture range of the focus error 
signal FEN is 1 .0 fim, the servo control may be switched 
to the control with the second focus error signal FEW, 
5 so that the light spot is controlled between the first and 
third recording layers, and the objective lens 1 037 does 
not collide with the optical disc 1 001 . The servo re-puli- 
in with first focus error signal FEN can quickly be per- 
formed. 

10 [0120] Another Example of Focus Pull-in Operation 
with Disturbances 

[0121] Another kind of focus pull-in operation execut- 
ed by the control unit 1059 in a multi-layer optical disc 
will now be described. 
15 [0122] The control unit 1 059 shown in Fig. 20 has a 
function of detecting the level of the focus error signal 
when servo control is in progress to any of the first, sec- 
ond and third recording layers according to the first fo- 
cus error signal FEN having a narrow capture range 
from the FEN detection system. Therefore, the control 
unit 1 059 obtains level values forthe second focus error 
signal FEW from the FEW detection system, i.e., V0 for 
the first recording layer, zero for the second recording 
layer, and V2 for the third recording layer as shown in 
Fig. 21 . The level values may be inverted for supply to 
a hold circuit, and added to the second focus error signal 
FEW through the switch circuit 1 510b and the result may 
be supplied to the driving circuit 1 51 3. More specifically, 
when servo control is performed aimed at the level of 
the second focus error signal FEW at a zero-cross point 
(recording layer) of the first focus error signal FEN, the 
servo control can be conducted to the same recording 
layer using both signals FEW and FEN. Thus, when fo- 
cus is setto a predetermined recording layer by the first 
focus error signal FEN, and focus control is executed 
using the second focus error signal FEW with a prede- 
termined offset value, focus servo control is executed 
with the focus error signal having a wide capture range, 
so that focus servo control withstanding disturbances 
can be provided. 

Modification of the Embodiment 

[0123] In the above described embodiment, the opti- 
cal pickup has two detection systems, i.e., the FEN sys- 
tem generating the first focus error signal FEN having a 
first capture range smaller than the smallest of the dis- 
tances between adjacent recording layers in a multi-lay- 
er optical disc, and the FEW detection system generat- 
ing the second focus error signal FEW having a second 
capture range wider than the first capture range. The 
present invention is not limited to this arrangement. As 
shown in Fig. 22, another optical pickup may include a 
focus error signal generation portion 1401 including 
multiple detection portions for generating focus error 
signals having different capture ranges, for example 
multiple focus error signals FE1, FE2, FE3, FEn-1, 
and FEn having capture ranges increasing in this order, 
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switch circuits S1 , S2, S3, Sn-1 , and Sn connected 
to the above portion and provided in respective paths, 
and a control unit 1059 connected to the paths of the 
multiple focus error signals for controlling the opening/ 
closing of the switch circuits. Thus, the focus error sig- 
nals may be detected from those with wider capture 
ranges to those with narrower capture ranges simulta- 
neously or sequentially. A focus error signal having a 
capture range of a predetermined size selected by the 
control of the control unit 1059 may be supplied to the 
driving circuit 1513 through an adder and the focus ac- 
tuator 1301 may be driven according to the focus error 
signal. Thus, servo control withstanding disturbances 
can be implemented by executing focus pull-in while 
switching between the focus error signals from those 
with wide capture ranges to those with narrower capture 
ranges. 

[0124] According to the present invention, servo con- 
trol withstanding disturbances and precise focus servo 
control less affected by other layers can be implemented 
since the focus error signals with wide capture ranges 
and the focus error signals with narrow capture ranges 
are detected. Furthermore, a light spot can be controlled 
to be between the first recording layer and the furthest 
recording layer from the first recording layer in a multi- 
layer optical disc. Therefore, a light spot may easily be 
positioned in the vicinity of a recording layer desired to 
be reproduced when performing focus pull-in. At the 
time, the focus pull-in can be executed to a desired re- 
cording layer unaffected by reflected light upon the disc 
plane or sway of the disc plane by performing focus pull- 
in using the first focus error signal, since the light spot 
is in the vicinity of the recording layer to be reproduced. 
[0125] When information is recorded/reproduced 
while executing focus servo control using the first focus 
error signal, and focus is almost interrupted by distur- 
bances (i.e., when FEN is beyond a predetermined val- 
ue), the operation can be switched to the servo control 
using the second focus error signal; otherwise the ob- 
jective lens collides with the disc and damages it as the 
servo control is interrupted according to the convention- 
al method. In addition : the light spot is controlled to be 
in the vicinity of the recording layers of the disc, so that 
the focus servo control to the recording layer can be re- 
sumed in a short period of time. 
[01 26] Furthermore, an offset value corresponding to 
each recording layer to be focused is detected from the 
second focus error signal when the information is re- 
corded/reproduced under focus servo control using the 
first focus error signal. Therefore, by performing servo 
control using the second focus error signal aimed at the 
offset value, servo control by both first and second focus 
error signals can be executed to a desired recording lay- 
er, so that stable focus servo control withstanding dis- 
turbances can be executed. 

[0127] The invention has been described with refer- 
ence to the preferred embodiments thereof. It should be 
understood by those skilled in the art that a variety of 



alterations and modifications may be made from the em- 
bodiments described above. It is therefore contemplat- 
ed that the appended claims encompass all such alter- 
ations and modifications. 



Claims 

1. An optical pickup apparatus having an irradiation 
10 optical system for condensing a light beam into a 

spot on a track on a recording plane of an optical 
recording medium and a photodetection optical sys- 
tem for guiding return light reflected back from said 
spot to a photodetector, said optical pickup appara- 
15 tus detecting the focal error of said light beam, said 
optical pickup apparatus comprising: 

a holographic lens provided in the optical path 
of said return light in said photodetection optical 
20 system for outputting 0-th order diffracted light 

and ± 1st order diffracted light based on said re- 
turn light; 

an optical element provided in one of two posi- 
tions, a first position in front of and a second 

25 position behind said holographic lens in the op- 

tical path of said return light in said photodetec- 
tion optical system for providing astigmatism 
a photodetector for receiving the 0-th order dif- 
fracted light output from said holographic lens; 

30 a photodetectorforreceivingthe±1storder dif- 

fracted light output from said holographic lens; 
a servo-signal generating operation circuit for 
the 0-th order diffracted light connected to said 
photodetector for the 0-th order diffracted light 

35 for generating a first focus error signal having 

a first capture range based on the output signal 
of the photodetector; and 
a servo-signal generating operation circuit for 
the ±1st order diffracted light connected to the 

40 photodetectorfor said ±1 st order diffracted light 

for generating a second focus error signal hav- 
ing a second capture range different from said 
first capture range based on the output signal 
of the photodetector. 

45 

2. The optical pickup apparatus according to claim 1 , 
wherein said holographic lens is set so that said 0-th 
order diffracted light has a greater quantity of light 
than said ±1 st order diffracted light. 

50 

3. The optical pickup apparatus according to claim 1 1 
wherein said 0-th order diffracted light photodetec- 
tor includes four independent light receiving por- 
tions provided in the vicinity of each other with two 

55 orthogonal dividing lines as boundaries, one of the 
dividing lines being provided parallel to an extend- 
• ing direction of the track, 
wherein an area of the light receiving portions of 
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positive polarity and an area of the light receiving 
portions of negative polarity are substantially equal, 
the light receiving portions of positive polarity and 
negative polarity being connected to said servo-sig- 
nal generating operation circuit forthe 0-th order dif- s 
fracted light 

4. The optical pickup apparatus according to claim 1 , 
wherein said optical element to provide the astig- 
matism is a cylindrical lens being provided in the 10 
optical path of return light so that the central axis of 
said optical element extends at an angle of 45° with 
respect to the track extending direction of the optical 
disc. 

15 

5. The optical pickup apparatus according to claim 1 , 
wherein said photodetector for ±1 st-order diffracted 
light includes at least two independent light receiv- 
ing portions provided in the vicinity of each other 
with at least two dividing lines extending approxi- 20 
matefy parallel in a vertical direction to the track ex- 
tending direction as boundaries, 

wherein an area of the light receiving portions 
of positive polarity and an area of the light receiving 
portions of negative polarity are substantially equal, 25 
the light receiving portions of positive polarity and 
negative polarity being connected to said servo-sig- 
nal generating operation circuit for the ±1 st-order 
diffracted light. 

30 

6. The optical pickup apparatus according to claim 1 , 
wherein said first capture range is smaller than said 
second capture range. 

7. The optical pickup apparatus according to claim 1 , 35 
wherein a tracking error signal is generated based 

on said 0-th order diffracted light. 

8. The optical pickup apparatus according to claim 1 , 
wherein the first focus error signal is generated by 40 
an astigmatism method, and the second focus error 
signal is generated by a differential spot size meth- 
od. 

9. An optical pickup apparatus having an irradiation 45 
optical system for condensing a light beam into a 
spot on a track of a recording layer of an optical re- 
cording medium having at least two recording lay- 
ers stacked upon one another with an intermediate 
layer therebetween, and a photodetection optical 50 
system for guiding return light reflected back from 

the spot into a photodetector, said optical pickup ap- 
paratus detecting the focus error of the light beam, 
said apparatus comprising: 

55 

a focus error signal generation portion for gen- 
erating a plurality of focus error signals each 
having a capture range, said capture ranges 



being different from one another. 

10. The optical pickup apparatus according to claim 9, 
wherein said focus error signal generation portion 
comprises: 

a first focus error signal detection portion for 
generating a first focus error signal having a 
first capture range smaller than the smallest of 
the distances between adjacent recording lay- 
ers in the optical recording medium; and 
a second focus error signal detection portion for 
generating a second focus error signal having 
a second capture range larger than said first 
capture range. 

1 1 . The optical pickup apparatus according to claim 10, 
wherein said first capture range is at most 1/10 of 
the smallest of the distances between said adjacent 
recording layers. 

12. The optical pickup apparatus according to claim 1 0, 
wherein said second capture range is larger than 
the sum of the thicknesses of ail stacked recording 
layers and intermediate layers. 

13. The optical pickup apparatus according to claim 1 0, 
further comprising: 

a position detection portion for detecting the rel- 
ative position of said recording layers in said 
optical recording medium based on the first fo- 
cus error signal generated by said first focus 
error signal detection portion; arid 
a selection portion for selecting and relaying at 
least one of said first and second focus error 
signals from said first and second focus error 
signal detection portions in response to a signal 
generated by said position detection portion. 

14. The optical pickup apparatus according to claim 1 0, 
further comprising, 

a focus pull-in portion for performing focus pull- 
in operation between recording layers most dis- 
tant from each other among the stacked record- 
ing layers in response to the second focus error 
signal generated by said second focus error 
signal detection portion, and then performing 
focus pull-in to a predetermined recording layer 
in response to the first focus error signal gen- 
erated by said first focus error signal detection 
portion. 

15. The optical pickup apparatus according to claim 10, 
further comprising, 

a focus pull-in portion for performing focus pull- 
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in operation between recording layers most dis- 
tant from each otherarnong the stacked record- 
ing layers in response to the second focus error 
signal generated by said second focus error 
signal detection portion, when focus is pulled- 
in to a predetermined recording layer accordi ng 
to the first focus error signal generated by said 
first focus error signal detection portion and the 
first focus error signal generated by said first 
focus error signal detection portion is beyond a 
predetermined value. 

16. The optical pickup apparatus according to claim 10, 
further comprising an offset value portion for adding 
a predetermined offset value based on the position 
of a predetermined recording layer to the second 
focus error signal generated by said second focus 
error detection portion when focus is pulled-in to 
said predetermined recording layer according to the 
first focus error signal generated by said first focus 
error signal detection portion. 

17. A focus control method for an optical pickup, said 
optical pickup having an irradiation optical system 
for condensing a light beam into a spot on a track 
on a recording layer of an optical recording medium 
having at least two recording layers placed on one 
another with an intermediate layer therebetween; 
and a photodetection optical system for guiding re- 
turn light reflected back from said spot to a photo- 
detector, said optical pickup detecting a focus error 
of said light beam, said focus control method com- 
prising the steps of: 
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least one of said first and second focus error 
signals generated in the first and second focus 
error signal detection steps in response to a 
signal generated in the position detection step. 

20. The focus control method according to claim 1 7, fur- 
ther comprising, 

a focus pull-in step for performing focus pull-in 
operation between recording layers most dis- 
tantfrom each other among the stacked record- 
ing layers in response to the second focus error 
signal generated in the second focus error sig- 
nal detection step, and then performing focus 
pull-in to a predetermined recording layer in re- 
sponse to the first focus error signal generated 
in the first focus error signal detection step. 



21, The focus control method according to claim 17, fur- 
20 ther comprising, 



a focus pull-in step for performing focus pull-in 
operation between recording layers most dis- 
tant from each other among the stacked record- 
- ing layers in response to the second focus error 
signal generated in the second focus error sig- 
nal detection step, when focus is pulled-in to a 
predetermined recording layer according to the 
first focus error signal generated in the first fo- 
cus error signal detection step and the first fo- 
cus error signal generated in the first focus er- 
ror signal detection step is beyond a predeter- 
mined value. 
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a first focus error signal detection step of gen- 
erating a first focus error signal having a first 
" capture range smaller than the smallest dis- 
tance between adjacent recording layers of the 
optical recording medium; and 
a second focus error signal detection step of 
generating a second focus error signal having 
a second capture range larger than said first 
capture range. 

18. The focus control method according to claim 17, 
wherein said second capture range is larger than 
the sum of the thicknesses of all stacked recording 
layers and intermediate layers. 



35 22. The focus control method according to claim 17, fur- 
ther comprising an offset value adding step for add- 
ing a predetermined offset value based on the po- 
sition of a predetermined recording layer to the sec- 
ond focus error signal generated in the second fo- 
cus error detection step when focus is pulled-in to 
said predetermined recording layer according to the 
first focus error signal generated in the first focus 
error signal detection step. 
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19. The focus control method according to claim 17, fur- 
ther comprising the steps of: 



50 



a position detection step for detecting the rela- 
tive position of said recording layers in said op- 
tical recording medium based on the first focus 55 
error signal generated in the first focus error 
signal detection step; and 
a selection step for selecting and relaying at 
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